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Center 


Both  generators  were  tested  in  use,  supporting  meteorological  stations. 

The  characteristics  of  the  Beta-1  varied  from  the  predicted  values  with  time, 
but  never  by  much  aa  10%.  The  Bete-2  was  found  to  be  particularly  safe 
and  reliable  in  operation  over  extended  periods,  and  can  be  used  for  terms  of 
5  years  or  more. 


Thermoelectric  Generator 
Power  Supply 

Radio  Meteorologic  Station 
Thermoelectric  Equipment 

Country  Code:  UR 
Subject  Code:  01,  04 


Translation »  The  Beta-1  and  Beta-2  experimental  iaotopio  electric  power 
sources,  daalgnad  to  supply  power  to  feha  ABHS-N  fiadio  Meteorological  Station*  wort 
designed  to  teat  a  number  of  theoretieal  aaaumptiona  and  dealgn  charaeteriatioa 
which  they  incorporate. 

In  the  deaign  of  these  iaotoplc  power  sources  fundamental  attention  waa  given 
to  the  following  queatlonai 

1)  To  obtain  an  adequate  efficiency  froa  the  inatallation  by  the  uae  of  highly 
effective  themal  insulation  and  sealoonductor  materials  with  the  maximum  ^-factor 
over  the  deaign  temperature  range*  as  well  aa  by  providing  the  minimal  thermal 
resistance  to  heat  flow  from  the  isotope  eleaeat  to  the  thermal  element  and  thence 
to  the  aabient  medium) 

2)  To  ensure  the  designed  level  of  ionising  radiation  while  holding  weight 
and  outside  dimensions  to  a  minimum  by  choosing  the  optimum  geometry,  using  highly 
effective  shielding  materials  (tungsten,  lead)  and  providing  separate  biological 
shielding  by  the  use  of  two  containers  (an  operating  container  and  a  transport 
container)) 

3)  Providing  maximum  safety  by  the  uae  of  relatively  insoluble  fuel  com¬ 
pounds  and  special  materials  (in  making  the  isotope  unit)*  sealing  it  completely* 
etc,,  making  It  practically  impossible  for  the  radioactive  substance  to  escape) 

4)  Guaranteeing  reliability  in  operation  by  using  a  block  thermal  battery 
and  special  materials  and  by  the  simplicity  cf  design,  absence  of  moving  parts, 
etc. 


The  Beta-1  and  Beta-2  isotopic  thermal  electric  generatora  consist  of  the 
following  major  components:  isotope  and  thermal  blocks,  thermal  element  block, 
bo4y, .  biological  shielding*  heat  dissipation  system  amd  eye terns  for  the  conversion 
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and  storage  of  oloctric  energy. 

The  development  process  involved  component  end  assembly  tenting,  including s 
external  inspection  sad  check  of  parts  aeaeably ,  determination  of  thsrsal  efficiency, 
determination  of  the  voltage  and  current  characteristics  of  thermal  element  blocks 
at  given  temperatures  of  the  hot  and  cold  junctions,  checking  the  sealing  of  inter¬ 
nal  cavities  in  the  body,  determining  the  temperature  fall  from  the  ambient  medium 
to  the  cold  junctions  of  thermal  element  blocks,  checking  the  operation  of  the 
electric  power  storage  system  with  semiconductor  voltage  converters,  tasting  ths 
isotopic  power  sources  with  power  storage  systems  as  part  of  the  ARMS-N  Meteoro¬ 
logical  Radio  Station,  determining  the  effectiveneea  of  the  biological  ahi aiding 
and  calorimetry  of  the  isotope  blook. 

After  the  generators  were  loaded  with  the  isotope  fuel,  the  control  parameters 
ware  recorded  and  permlasion  was  obtained  from  the  'interdepartmental  committee; 
they  were  installed  for  experimental  uae  in  metaorologloal  atationa  in  the  City  of 
Khimki. 

Experimental  Oparation  of  the  Beta-1  Generator.  On  4  January,  196^*  the 
generator  was  attached  to  the  ARHS-N  Automatic  Radio  Meteorological  Station  at  ths 
experimental  meteorological  area.  Zt  was  set  up  in  a  pit  1  meter  deep  and  1.5 
maters  in  diameter.  During  its  operation,  the  following  parameters  were  measured j 
thermal  IMF,  voltage  at  the  input  of  the  voltage  converter,  current  in  the  thermal 
battery-voltage  converter  circuit,  charge  current  of  the  bntteriea,  voltage  at  ths 
input  to  the  elsotric  power  storage  system  end  temperature  of  the  ambient  air. 

Figure  1  shows  the  fall  In  thermal  EMF  over  time  [J>  f(  T>],  while  Figure  2 
illustrates  the  change  in  electric  power  of  the  generator. 


Figure  1,  Thermal  IMF  of  the  Deta-1  Electric  Generator 
as  a  Function  of  Tine, 

—  -  -  Calculated  curve;  0  -  Experimental  data 

a  -  January;  b  -  February;  c  -  March;  d  -  April;  e  -  May;  f  -  June; 
g  -  t ,  days 


2 


Figure  2.  Output  Power  of  the  Iaotopic  Power  8ouroe  ••  a 
Function  of  Tine.  Seae  format  as  Figure  1. 

a  -  January)  b  -  February)  c  -  March)  d  -  t  ,days 

As  la  evident  from  Figures  1  and  2,  the  experimental  values  at  the  beginning 
of  the  service  period  agree  with  the  calculated  values  within  the  limits  of  error* 

As  tine  passes*  there  is  a  deviation  of  the  experlmsntal  data  from  the  predicted, 
apparently  caused  by  increased  heat  losses  as  a  result  of  breakdown  in  the  generator 
body  seal.  The  maximum  error  in  the  measurement  of  power  was  no  more  than  SJf,  and 
in  the  measurement  of  thermal  SHF  no  more  than  5*. 

Figure  3  shows  the  change  with  time  of  the  internal  and  load  resistance  of  the 
thermal  electric  converter.  The  maximum  error  in  these  measurements  did  not  exceed 
7.5  and  J#  respectively. 
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Figure  3.  Relationship  Between  Internal  (R.)  and  load  (R_) 
Resistance  of  the  Thermal  Electric  Converter  and 
the  Time  of  Operation  of  the  Qeneratori 
■  -  Calculated  Curve;  e,  0  -  Experimental  Results 
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Son*  reduction  in  the  internal  resistance  was  caused  by  reduction  of  the 
temperature  fall  aoroae  the  thermal  element .  The  increase  in  the  load 
resistance  (the  input  resistance  of  the  voltage  transformer)  was  caused  by  a  re* 
duction  in  the  power  deliverable  to  the  input  of  the  voltage  transformer  ever  tine. 

Figure  4  shows  ourves  for  the  change  in  aaximum  efficiency  (  n  )  of  the 

voltage  converter,  charge  voltage  (  U.  )  on  the  storage  battery  and  input  voltage 
(U^B)  of  the  converter  over  time  as  the  generator  is  used.  The  maximum  error 

of  measurement  as  a  function  of  ambient  air  temperature  was  considered  in  determin¬ 
ing  the  efficiency  of  the  voltage  converter  (the  error  did  not  exceed  556) ■ 


Figure  4.  Changes  in  the  Charge  Voltage  on  the  Battery  U. 
and  the  Input  Voltage  of  the  Converter. 

The  voltage  converter  operated  reliably  throughout  the  entire  service  life  of 
the  generator  and  had  aatiafactorily  high  efficiency. 

Pulsations  in  the  voltage  of  the  semiconductor  converter  were  absent  due  to 
the  counter  IMF  of  the  batteries. 

*s  the  output  power  of  the  generator  decreased,  the  operating  cycle  of  the 
ARMS-N  station  changed  to  maintain  a  balance  between  the  power  consumed  by  the 
station  and  the  energy  accumulated  in  the  battery.  These  changes  occurred  after 
1,  5,  6,  8  and  12  hours. 

Experiment  Using  the  Beta-2  Generator.  The  Beta-2  isotopic  thermal  electric 
generator  was  put  into  operation  on  5  December,  1984,  with  a  block  of  thermal 
elements  removed  from  the  Beta-1  generator.  This  block  had  already  operated  for 
4300  hours,  producing  approximately  25,000  watt-hours  of  electric  power. 

The  power  output  of  the  B*ta-2  generator  is  shown  in  Figure  5, 
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Figure  5.  Output  of  the  Bata-2  Generator  in 

Stable  Operation.  The  load  correaponda 
to  the  aoat  efficient  operating  level. 

H  ■  2.7  ohms.  Thermal  power  ■  l48  +  8  watta. 


The  electrical  circuit  of  the  generator  waa  protected  againat  the  failure 
of  the  current  earning  wirea  from  the  thermal  electric  converter,  which  waa  particu¬ 
larly  important  at  the  beginning  of  generator  service,  ainee  the  temperature  of  the 
hot  junction  of  the  converter  waa  clone  to  the  melting  point  of  the  commutation 
alloy.  An  open  circuit  would  lead  to  an  inoreaae  in  the  temperature  of  the  hot 
junction  aa  a  reault  of  the  Peltier  effeot,  whloh  could  deatroy  the  thermal  element 
block. 

The  operation  of  the  Beta-1  generator  with  a  eontinuoua  recording  of  output  * 
power  from  the  iaotople  power  aource  permitted  the  determination  of  changea  in 
efficiency  with  time. 

The  efficiency  of  the  thermal  electric  converter  when  the  thermal  block  was 
placed  in  the  generator  waa  5.6$.  With  the  reduction  in  heat  flow  through  the 
thermal  element*  ito  value  decreased.  In  the  determination  of  thermal  efficiency, 
"useful"  energy  was  that  which  flowed  through  the  thermal  elements.  The  efficiencies 
of  the  thermal  element  group  and  the  isotopic  source  are  given  in  Table  1. 

Table  1 

Efficiency  of  the  Thermal  Ilement  Group  and  the  Isotopic 
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After  achieving  stable  operation  In  the  argon  atmosphere*  the  generator 
had  the  following  electrical  characteristics*  measured  at  an  aablent  temperature 
of  27«Cj 


Voltage  0*  volt  3,8 

Current  I*  anperea  .  .  1,365 

BMF,  X,  volts  . . .  6*92 

Ilectrical  Power  N#1*  watts  . .  ,  , .  5,19 

Internal  resistance  B1&*  ohas  . .  ,  ,  2, 3 


When  the  interior  of  the  generator,  which  had  been  set  up  in  the  open  air*  was 
filled  with  xenon  at  an  aablent  temperature  of  0*C*  its  power  increased  to  6.8 
volts. 

Table  2  shows  the  basic  paraaeters  for  the  isotopic  heat  source  at  various 
temperatures  of  the  aablent  mediua. 

Table  2 

Basic  Paraaeters  of  the  Beta-2 
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b  -  interior  apaces  filled  with}  c  -  aabient  temperature,  *C;  d  -  D,  v; 

e  -  1,  a;  f  -  E,  v;  g  -  watts;  h  -  R^,  ohas;  i  -  R#x*  ohas; 

J  -  At,  *C;  k  -  argon;  i  -  xenon* 

After  the  teste  were  conducted,  the  interior  of  the  isotopic  heat  source 
was  filled  with  argon,  and  froa  1965  until  the  present  the  Beta-2  generator  has 
been  in  operation  on  the  grounds  of  an  experimental  meteorological  station  near 
Moscow  under  natural  climatic  conditions. 

The  placement  of  the  generator  in  an  underground  bunker  (  Figure  6)  filled 
with  soil  made  it  possible  to  reduce  the  effect  of  ambient  air  teaperature  on 
the  operating  cycle  of  the  thermal  converter,  thus  providing  some  stabilisation 
of  the  output  electrical  parameters  of  the  isotopic  power  source. 
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figure  6.  Diagram  of  the  Installation  of  the  Beta-2 
Generator  Under  Operational  Conditions* 


The  data  from  measurements  of  eleetrioal  parameters  carried  out  over  the 
oourse  of  a  year  are  given  in  figure  7*  As  is  evident  from  the  chart*  the  slope 
of  the  temperature  curve  for  cold  junctions  of  the  thermal  generator*  f  is 
somewhat  less  than  the  elope  of  the  temperature  curve  for  the  ambient  medium 
over  the  same  intervals,  which  Indicates  some  stabilisation  of  the  temperature  of 
the  air  surrounding  the  isotopic  power  source. 


Thus  we  can  conclude  that  the  Isotopic  power  source  operated  normally  through¬ 
out  the  entire  period  of  operation. 

Changes  in  the  load  of  plus  or  minus  0*2  ohms  from  the  nominal  value  of  2*7 
ohms  had  practically  no  effect  on  the  output  power.  The  generator  operated  in  the 
maximum  range  indioated  by  the  characteristic  *  f(B#xT. 

A  drop  in  eleotric  power  by  10$  at  the  end  of  one  and  one-half  years  of  use  ia 
explained  by  a  reduction  in  the  heat  flow  to  the  thermal  converters  caused  by  lower 
heat  output  due  to  the  decay  of  the  radioactive  compound,  and  also  due  to  the  inorease 
in  heat  losses  through  the  insulation. 

Power  supplied  to  the  automatic  radio  meteorological  station  operating  in 
discrete  mode  in  combination  with  the  Beta-2  isotopic  power  source  was  provided  by 
a  system  oonsieting  of  a  semiconductor  voltage  converter  and  an  electrlo  power 
storage  apparatus  using  a  KNa-lOD  battery. 

The  voltage  converter  operated  reliably  throughout  the  operating  life  of  the 
generator  and  had  satisfactorily  hiv;h  efficiency. 

The  output  voltage  of  the  converter  changed  slightly  ss  a  function  of  the 
degree  of  charge  of  the  batteries  and  the  ambient  temperature.  When  the  automatic 
station  or  equivalent  resistive  load  waa  in  operation  the  voltage  on  the  battery 
and  at  the  output  of  the  converter  changed  correspondingly. 

Figure  8  shows  curves  of  the  operating  voltagea  of  the  iaotoplo  generator 
battery  and  the  effiaienoy  of  the  converter  over  a  time  t  equivalent  to  one  oyole 
of  station  operation. 
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Figure  8.  Changes  in  the  input  voltage  of  the  converter  (s) 
output  voltage  of  the  battery  (b)  and  converter  efficiency  (o) 

.  . . during  a  station  operating  cycle, 
x  -  station  operation!  y  -  clock  tick}  z  -  t,  minutes 
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Experimental  operation  of  the  Beta-2  iaotopic  thermal  electric  generator 
showed  that  the  installation  is  reliable  in  use,  and  the  generator  design  and 
biological  shielding  provide  the  necessary  radiation  safety  if  the  generally 
accepted  rules  for  working  with  closed  sources  of  ionising  radiation  and  the 
rules  for  use  are  observed. 

Thanks  to  its  high  reliability  the  generator  can  be  used  to  supply  electrical 
apparatus  of  various  types  for  service  periods  of  not  less  than  5  years* 
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